The beneficial effects of irrigants during endodontic treatment are well known; however, it may have some deleterious effects on the internal root canal wall, thereby altering its physical properties. Aim: The purpose of the study was to assess the effect of 95% ethanol on morphological characteristics of primary root dentin. Materials and Methods: Biomechanical preparation was done in twenty extracted single-rooted primary anterior teeth using Rotary ProTaper Universal System. Samples were divided into two groups based on the final irrigation protocol: nonalcohol group (NAG) and alcohol group (AG). 3% sodium hypochlorite and 17% ethylenediaminetetraacetic acid were used for irrigation in both the groups, whereas 95% ethanol was used as a final irrigant in AG. After the treatment, these teeth were longitudinally sectioned and studied under the scanning electron microscope (SEM). Results: SEM observation of NAG showed scattered debris with unaffected morphology of dentinal tubules (DT). In AG, DT showed severe erosion with the loss of peritubular and intertubular dentin. Conclusion: A final rinse with 95% ethanol can change the morphology of the internal root surface and aid in smear layer removal in primary teeth.
Introduction
The main purpose of the root canal filling is to seal the root canal system three dimensionally. In contrast to endodontic therapy of permanent teeth which consists of root canals coated with a sealer and filled Original Article and penetration of sealer/obturating material. Numerous techniques such as paper points, alcohol, and Luer Vacuum Adapter have been used to remove the residual moisture from the root canal prior to obturation. [3] Alcohol is known for its dehydrating effect which makes it effective in drying the canals before obturation. [4] A final rinse with 95% ethanol is known to cause increased sealer penetration into the DT. [4] This dehydrating and surfactant action of ethanol can be utilized to dry the canals to facilitate root canal filling. [5] Beneficial effects and properties of alcohol have been described by various authors, but the effect that alcohol has on the internal surface of the primary root canal system has not been studied. [3, 4, 6, 7] The purpose of this study was to evaluate the effect of 95% ethanol as a final irrigant on the internal root canal surface of primary teeth.
Materials and Methods
The study protocol was approved by the institutional review board (EC-73/PEDO-06ND/2017). Twenty carious nonrestorable single-rooted primary anterior teeth with a minimum root length of 10 mm were extracted and selected for the study. The extracted teeth were immersed in 10% formalin for 7 days for disinfection. Pre-radiographic evaluation of the teeth was done to detect any morphological defects. The extracted teeth were decoronated at the cementoenamel junction, and working length was determined by inserting a 10 number K-File (Dentsply Mailefer, Ballaigues, Switzerland) 0.5 mm short of the apex. The root canals were then prepared to size F1 using Rotary ProTaper Universal System (Dentsply Mailefer, Ballaigues, Switzerland). All specimens were irrigated with 3 ml of 3% sodium hypochlorite (NaOCl) with a 30-gauge side venting needle after each instrumentation. The teeth were then randomly divided into two experimental groups, each consisting of 10 teeth that underwent the final irrigation protocol as described below: • Nonalcohol group (NAG): Irrigation was carried out with 1 ml of 17% ethylenediaminetetraacetic acid (EDTA) (Pulpdent Corp, Watertown, MA) • Alcohol group (AG): Irrigation was carried out with 1 ml of 17% EDTA (Pulpdent Corp, Watertown, MA) followed by a final rinse with 1 ml of 95% ethanol for 1 min.
Longitudinal grooves were made along the outer surface of the root canals without entering the main canal, and the teeth were then split open to obtain two uniform sections. Specimens were observed under the scanning electron microscope (SEM), and photomicrographs were taken at 1, 3, and 6 mm from the apex representing the apical, middle, and coronal sections, respectively.
Results

Nonalcohol group
SEM analysis of the NAG showed individual DT which were clearly observed in the cervical and middle third regions, but a considerable amount of smear layer was observed in the apical third. The peritubular and intertubular dentin appeared to be smooth and flat [ Figure 1 ].
Alcohol group
Severe erosion of DT was observed in all three sections. One characteristic feature observed was the loss of peritubular and intertubular dentin. The severity of erosion decreased from cervical to apical direction. The conjugation of DT was observed. This conjugation involved mainly two DT, but in the coronal section, we observed a conjugation of three or more DT [ Figure 2 ].
Discussion
Various endodontic irrigating solutions have been recommended for the efficient removal of the smear layer from the internal surface of the root canal wall. [8] A combination of NaOCl and EDTA has been proven to remove smear layer, but it generally fails to do so in the apical areas. [9] An extensive literature on final irrigation regimens is available to remove the smear layer as well as to enlarge the DT and to increase its wettability. [4] Chemicals such as ethanol, isopropyl alcohol, Mixture of Doxycycline, Citric acid and a detergent (MTAD), citric acid, EDTA, and maleic acid have been used as final irrigants. [10] [11] [12] [13] Alcohol has been advocated as the final irrigant in permanent teeth by a number of authors to dry the root canals prior to obturation since residual moisture may prevent adaptation and penetration of obturating materials. [3, 4, 7] Ethanol is considered as a dehydrating medium. Following dehydration with ethanol, dentin becomes hydrophobic making it more compatible with endodontic sealers. Stevens et al., demonstrated that a final rinse with 95% ethanol improved the penetration of sealers in DT. [4] The tensioactive property of ethanol has been shown to improve the flow of irrigants into DT in vitro by lessening the surface tension of NaOCl and EDTA. [14] Severe dentinal erosion was observed in cervical, middle, and apical thirds along with complete removal of smear layer from the apical third of root canals in AG. We attribute this absence of smear layer to dentinal erosion. All regions showed the conjugation of DT, with severe conjugation in the cervical section as compared to middle and apical sections. In the NAG, minimal dentinal erosion was observed because the absence of ethanol rinse prevented the enhanced penetration of irrigants into DT. We hypothesize that the action of NaOCl and EDTA was accentuated by ethanol, causing severe erosion in AG. In a study, Niu et al., reported an accelerated rate of dentinal erosion describing it as a result of hyper-decalcification induced due to EDTA. [15] Calt and Serper reported that dentinal erosion was noted on instrumented root canal walls when irrigated with 10 ml of 17% EDTA followed by 10 ml of 5% NaOCl. [16] An increased rate of dentinal erosion in AG was observed because our study sample comprised primary teeth as compared to other studies on permanent teeth. [15] The erosion of DT led to conjugation of two or more tubules resulting in a characteristic "dumbbell"-shaped appearance with two DT, a triangular appearance with three DT and irregular shape when more than three DT were conjugated [ Figure 3 ]. Primary tooth dentin has higher collagenous content as compared to permanent tooth dentin. The probable reasons for erosion and the characteristic shape of conjugated DT could be because of higher organic content in primary teeth and the orientation of collagen fibers in and around the peritubular and intertubular dentin. [17, 18] Peritubular dentin is a highly mineralized tissue that surrounds the individual DT. Adjacent DT are separated by intertubular dentin, which is 9% less mineralized than the peritubular dentin. [19] This difference in composition is reflected in the different rates of dissolution following final irrigation of the instrumented root canal. Kinney JH observed that initially both peritubular and intertubular dentin dissolve at the same rate, but after 1 min, the peritubular dentin dissolves further, while the intertubular dentin appears stable. [20] In our study, we observed that the DT orifices were enlarged at the expense of peritubular and intertubular dentin.
There is a plethora of literature available on irrigation and its effect on dentin, microorganisms, and pulp. However, most of these studies have been done on permanent teeth. Very few studies have used primary teeth. [11] [12] [13] Hence, it would be inappropriate to directly extrapolate the results of these studies onto primary teeth. The clinical significance of final rinse with 95% ethanol was smear-free internal root canal surface in AG as compared to the NAG, but it was associated with a considerable amount of dentinal erosion. The clinical implications of dentinal erosion on the success of endodontics need to be assessed, especially the penetration of the endodontic irrigants, sealer, or obturating material into the DT and its effect on the physical properties of dentin. It can be inferred that 95% ethanol can effectively remove smear layer from the root canal. However, it can significantly change the morphology of DT when used in combination with NaOCl and EDTA.
Conclusion
Based on the results of this study, it can be inferred that a final rinse with 95% ethanol can change the morphology of the internal root surface and aid in smear layer removal in primary teeth.
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